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By Joseph L. Johnson, Jr.
SUMMARY

A wind-tunnel investigation has been carried out to determine the
static longitudinal stability and trim characteristics of a sweptback-
wing jet-transport model equipped with an externai-flow Jet-augmented
flap. The investigation included tests of the model to determine the
effects of wing position, vertical position of the horizontal tail, and
size of the horizontal tail.

The results of the investigation indicated that static longitudinal
stebility and trim could be achieved up to & 1ift coefficient of about 6
with a horizontel tail having an area of about 25 percent of the wing
area. In order to achieve this result, it was necessary to locate the
horizontal teil well asbove the chord plane of the wing and to incorporate
both veriable incidence and an elevator. For the flap-down, power-off
condition, the downwash factor was found to be relatively large (0.8
to 0.9). The downwash factor decreased with inereasing momentum coeffi-
cient, the greatest reduction occurring for the low tall position. In
order to obtain a given amount of stability, larger tall areas were there-
fore required for the low tail position than for the high tall position.
Results of calculations compsasring the relative merits of various trim
devices for use on airplanes equipped with jet-augmented flaps indicated
that a fixed canard surface utilizing Jet augmentation would provide
longitudinal trim and stebility at a given 1ift coefficient for less
overall jet thrust than a conventional tail, & free-floating canard sur-
face, or a trim-jet arrangement.
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INTRODUCTION

In connection with a study to establish the configuration of a free-
flying model incorporating & jet-augmented flap (ref. 1), some information
wes obtained on the longitudinal stablility and trim characteristics of a
sweptback-wing Jet-transport model equipped with an external-flow Jet-
augmented flap. Most of the stability and trim data obtained were omitted
from reference 1, however, in order to expedite publication of some
of the results. Since the unpublished portion of the data also eppears
t0 be of general interest, the complete results of the study on longitu-
dinal stability and trim, together with a limited amount of analysis, are
presented herein.

The investlgation consilsted of force tests of a sweptback-wing jet~
transport model 1In a low- and high-wing configuration. Each of these
configurations was tested with two horilzontal talls of different size
and with two different vertical locations. Caslculations were made to
determine the trim requirements of several airplane configurations
equipped with Jet-augmented flaps. The conflgurations studied included
a conventlional horizontal-tail arrangement, fixed and free-floating canard
arrangements, and trim-jet arrangements.

In addition to the longltudinal stability and trim problem which is
covered in the present investigation, the external-flow jet-augmented
flap introduces other problems that are beyond the scope of this inves-
tigation. For example, the problem of obtaining structural integrity at
the high temperatures and noise levels involved and the weight problem
associated with the high flap loads and the impingement of the jet exhaust
on the flap must be solved before successful application of such a flap
arrangement can be made.

SYMBOLS

The date sre referred to the stability system of axes originating
at a center of gravity located at 0.40 mean serodynemic chord and on the
fuselage reference line.

S wing area, sq ft
¢ mean serodynamic chord, ft
v velocity, ft/sec

a dynemic pressure, %pve, lb/sq £t
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acm
%t = 3@

oCy,
e T %

eir density, slugs/cu ft

thrust at the nozzles, 1lb
angle of attack, deg

horizontel-tail area, sq £t

inecidence of horizontal taill, deg

jet-deflection angle, measured in a plane perpendicular to flap
hinge line, deg

eangle of downwash, deg

downwash factor [determined from Eg&;ﬁ
mit
tail length, ft
distance from center of gravity to neutral point, ft

distence from aerodynamic center of wing-fuselage combination
to neutral point, ft

distance from aerodynaemlc center of wing-fuselage combination
to flap center of pressure, £t

pitching moment, f£i-1b

1ift coefficient, Légi

momentum coefficient based on thrust measured at nozzle, g%

drag coefficient, 2525
a

piteching-moment coefficient, —gz
Q

per deg

per deg
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oC
c = 1
my ait per deg

t
EE@ static margin, Q, chords
oCy, ¢
Subscripts:
t horizontal tail (tail coefficients based on tail area)
wf wing-fuselage combination
f Jet-augmented flap
nj nose Jjet
tJ tail Jet

APPARATUS AND MODEL

The investigation was conducted in the Langley full~-scale tunnel.
Al)l tests were made with a vertical-strut support system and strain-gage
balances. The test sebup was located in the forward portion of the test
section near the lower llp of the entrance cone.

A drawing of the sweptbeck-wing Jet-transport model used in the
investigation is presented in figure 1(a) for the high-wing configura-
tion and in figure 1(b) for the low-wing configuration. Dimensionsl
characteristics of the model are presented in table I. The wing of the
model had 30° sweep of the quarter-chord, an aspect ratio of 6.60, and
a taper ratio of 0.367. The airfoil section was NACA 651-hlh at the root

and NACA 65,-410 at the tip. Pod-mounted engines were simulated by two

nacelles sttached to the wing on pylons. Compressed air was supplied to
each nacelle through flexible hoses which passed internally through the
model. These cold-air Jets were used to simulate the Jet-engine exhaust.

A detailed drawing of the Jet-flep arrangement used on the model is
shown in figure 2. For take-off and landing, the Jets from the pod-
mounted enginee are spread out into a horizontal sheet by retractable
deflectors and directed toward the base of & slotted flap which then
turnsg the flattened Jet sheet downward. The full-span slotted flap was
hinged on the bottom surface of the wing In such a way that a smooth
faeiring was obtained between the upper surface of the slot and the lower
surface of the wing for s flep deflection of 60°.
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TESTS

The tests for longitudinal stability and trim were made over an
angle-of-attack range from -8° to 12° for the model in the high-wing con-
figuration end low-wing configuration shown in figures 1(a) and 1(b),
respectively. The geometric flep angle was set at 60° for all tests but
the measured jet-deflection angle was found to vary slightly with C

and model configuration. Average values of the measured jet-deflection
angle were found to be 60° for the high-wing configuration and 55 for
the low-wing configuration. Each of these co gurations was tested
wlth two horizontal tails of different sizes ?gt/s = 0.17 and 0.54)

and for two different locations on the vertical tail. One location was
at the base of the vertical tail (designated low tall position) and the
other at the top of the vertical tail (designated high tail position).
For some tests, the horizontal tail was equipped with leading-edge and
trailing-edge flaps. All of these tests were made over a momentum-
coefficient range from O to 3.8.

All of the tests in this investigation were made at a dynamic pres-
sure of sbout 1.6 pounds per squaere foot which corresponds to a velocity
of about 37 feet per second and a Reynolds number of about 170 000 based
on the mean aerodynamic chord of the wing.

REDUCTION OF DATA

No wind-tunnel corrections have been applied to the data since the
model was relatively small compared with the size of the tunnel test
section.

The coefficient Cu used in this report is defined as T/qS where

T is the thrust at the nozzle and is determined from force tests. This
coefficient is approximately equivalent to the momentum coefficient Cll

which has been used in boundary-leyer-control investigations and in the
jet-augmented-flap investigations reported in references 2, 3, and 4.

In order to determine thrust losses In spreading and deflecting the jet,
values of thrust were obtained from force measurements made during static
calibrations of the cruising configuration (flaps and deflectors retracted)
and of the lending configuration (flaps and deflectors extended).
Comparison of the calibration data for these two conditions indicated

that the thrust losses caused by spreading and deflecting the Jet were
about 25 percent for the 60° flap deflection.
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RESULTS AND DISCUSSION

Presentation of Data

The results of the investigation are presented in the form of basic
data and summary data. The following table shows the order in which the
dets are presented:

Basic data.-

Figure

C1» Cp, and Cp against «; tall off:

TOW WINE « ¢ ¢ ¢ o o o o o o ¢ o« o o o s o o e o o 0 0 o 4 . 3(a)
HIGH WiNZ « v ¢ ¢ o v o o v o o o o o v o o 0 o 0 e e e e e 3(b)

Flap c.p., (CL )wf, and wing-fuselege sa.c. against CH e s e e . 3(c)
Q.

CL, CD, and Cp ageinst a; low wing:
Iow 811 « ¢ v 4 e e v e e e e e e e e e e e e e e e e e . by 5
High 811 . ¢ & ¢ ¢ ¢ 4 @ ¢ ¢ o e o o o o o o o o o« o « o o « 6
CL, CD, and C, ageinst a; high wing: .
Low t811 & & v 4t e e e e e e e e e e e e e e e e e e e 7, 8
HIgh 3811 & @ v v v v 4 o o o o o o o o o o o o o o o s« . 9,10

Cp, egainst o; isolated horizontel teils . . . . . . . . . . . . 11

CL, CD’ and C, against a; high wing:

Low t811 With T18DS « « « « o o o o o o o o o ¢« e o o o « « o 12, 13
High tall with f1aps . « « + « = « &+ « « « &« o o « o o = « « 1k, 15

Summary data.-

Qm,t against a; low wing: _
Tow 3811 & v v 4t ot ke e e e e e e e e e e e e e e e e e . 16(a)
High 811 . & & & ¢ ¢ ¢« ¢ ¢ o o « t o o s e s o s o o o o« 16(p)

Cm’t against a; high wing; low and high teil . . . . . . . . . 17
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Figure
Cn,t 8gainst o, high wing:
Low tail with £laps . . & & ¢ ¢ & v ¢ 4 4 ¢ & o « o o « o o & 18
High tail with flaps e e s e e e e e s e e s e e e e e e e 19
c and against S./S; low wing:
md:,t Cm’t g . t/ ? g
Tow 3811 & & v 4 4 4 4t e e e e e e e e e e e e e e e .. 20(8)
High tail . . . & & v ¢ v v ¢ 4 o 4 s ¢« o e o s s s o o oo 20()
Cmm,t and Cp 4 egainst Sth; high wing; low and high tail . . . 21

cma’t and Cp ¢ ageinst st/s; high wing:

Low tall with £18ps . . &+ v v 4 ¢ 4 2 vt ¢ o o 2o o o o« « « « - 22(a)
High tail with £18P8 .+ &« &+ ¢ ¢« ¢ ¢ o v ¢ ¢ o o v« o o o « o« « 22(p)

aC
569 against Stls; low wing; low and high tail . . . . . . . . . 23
L
3 . . i
o against st/s, high wing; low and high t8i1 . «. « « . « « & 2
3¢,
against S /S; high wing; low and high tail with flaps . . . 25
3¢, 6
St/S for 5-percent static margin against Cl_1 e e e e e e e e e 26
St/S for trim and 5-percent statlc margin against tail height . 27
Cm,t against i;; low wing; low and high teil . . . . . . . . . . 28
Cm,t against ii; high wing; low and high tail with fleps . . . . 29
€ agalnst T T I RIS 30
€ against tail hedght . . . . ¢« . ¢ ¢ ¢ ¢ ¢ ¢ ¢« ¢ 4 ¢ o o o & & 31
Cn and C egainst Cu e e e e 4 s e s s e e e s e s e 4 s s 32

a,t mit
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Figure

l-%&agﬂnstcp e e e e e e e e e e e e e e e e e e e e 33

1-%a@mmtmlmmm e e e e e e e e e e e e e e 3
CL,t and total Cu for trim and 10-percent static margin

against stjs e e s e e s e e e s s e e e e e e e s e e 35

Longitudinal Stablility and Trim

The results of the tests on longitudinal stability and trim are pre-
sented in figures 3 to 15 and summarized in figures 16 to 35. The data
for the low- and high-wing configurations asre presented for Jet-deflection
angles of 55° and 60°, respectively. These angles were used for the sta-
bility end trim study since the range of jet-deflection angles required
for steady-state flight in the landing condition is somewhere near these
values for existing Jjet transport airplenes. The landing condition was
chosen for this study because the longitudinal stability and trim pro-
blems appear to be more serious for this condition than for the take-
off condition. All of the pltching-moment data are referred to a center-
of-gravity location of 40 percent mean aerodynamic chord since analysis
indicated that this location would permit & reasonable relationship
between stability and trim and horizontal-tail area.

Low~wing configuration.- The date for the low-wing configuration
are presented in figures 3(a) and 4 to 6. For the tail-off configuration
(fig. 3(a)), the negative pitching moments increased and the static insta~-
bility decreased with increasing CH' These variations in piltching-moment

characteristics are similsr to those shown In previous investigstions on
Jet flaps. The large diving moments are a result of the rearward loca-
tion of the very large flap loads. The pitch-up at positive angles of
attack is characteristic of swept wings having high aspect ratios with
flap centers of pressure located inbosrd on the wing. The decrease in
instability with increesing C, as measured by the value of ch/BCL

is attributed partly to the fact that there 1s an Increase in lift-curve

- (o . C. cos (8 + a)
Lo\ Ta)o,=0 57-3
corresponding increase in the slope of the pitching-moment curve Cmm'

slope (%heoretically c ) without a

The variations of lift-curve slope, flap center of pressure, and asero-~
dynsmic center with C, are shown in figure 3(c).
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The data for the low-wing configuration with the small end large
tails in the low position (figs. 4 and 5) show that the values of nege-
tive pitching moment and instability noted for the tail-off configura-
tion were so large that even the large horizontal tail (fig. 5) did not
provide both trim and stability at the higher values of Cu. These data

show that at an angle of incidence of 0° the large horizontal taill pro-

vided trim but it was stalled and therefore provided little or no inere-
ment of stability. At the higher angles of incldence, these tails pro-

vided some stability but not enough positive pitching moment to provide

trim.

In an effort to increase the longitudinal stability by placing the
tail in a8 more favorable downwash fleld, the horizontal tail was moved
to the top of the vertical tail. The data for this configuration (fig. 6)
show, in general, an increasse in stability for a given taill size vhen
the tail is moved from the low to the high position. For 0C incidence,
the large horizontal tail provided trim and stability up to a 1ift coef~
ficient of about k.

High-wing configuration.- The longitudinel stability and trim
characteristics of the high-wing configuration were found to be generally
similar to those of the low-wing configuration. Over the range.of Cu
investigated, however, the high-wing configuration gave considerably
higher 1ift coefficients for given wvalues of Cu than the low-wing
configuration. (See figs. 3(a) and (b).) The results of preliminary
tests in thils investigation of the model in the high- and low-wing
configuration with various flap deflections indicated that the lower
values of CL for the low-wing configuration can be attributed partly

to wing-fuselage interference effects and partly to the lower jJet deflec-
tion for this configuration (55° compared with 60° for the high-wing
configuration).

The data in figures 7 to 10 show that when the tail is moved from
the low to the high position a slight gain in stability was generally
realized for a given configuration, but stabllity and trim of the model
could not be obtained at the higher 1ift coefficients even with the
large tail.

High-1ift devices on tail. - An analysis of the data in figures 3
to 10 indicated that the low trimming power of the horizontal tall could
be attributed to a relatively low meximum 1ift coeffilcient of the tail
which resulted from the low scale of the tests. The results of force
tests of the isolated tail surfaces (presented in fig. 11) indicated
that the meximum 1ift coefficient of these tails was only about 0O.7.
The date of figure 11 show that the addition of a leading-edge flap
increased the maximum 1lift coefficient of these tails to about 1.0
and 1.2. It is believed that the meximum 1ift coefficient of the tails
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with leading-edge flaps 1n these low-scale tests would be approximately
the same as that obtained at full scale without leading-edge flaps. The
addition of leading-edge and trailing-edge flaps increased the maximum
1ift coefficient of these tails up to sbout 1.4 and 1.5. The lower maxi-
mm 11ft coefficient for the large tail is stiributed to the poor airfoil
section for this particular tail. (The large tail was formed by the use
of & crudely shaped metal glove which fitted over the small tail.)

The data obtalned for the high-wing configuration with the leading-
and trailing-edge fleps on the horizontasl tasll are presented in fig-
ures 12 to 15. 1In the low position neilther the small tail nor the large
tail was adequate for stabllity and trim in the higher lift-coefficient
range. In the high position the large tall was more than adequate for
stability and trim up to the highest 1ift coefficients but the small tail
was still inadequate.

Horizontal-tall area required.- In order to indicate the horizontal-
tail area required for longltudinal stabllity and trim over the 1lift-
coefficient range investigated, the incremental pitching moments of the
horizontal talls were determined from figures 3 to 15 and plotted against
angle of attack in figures 16 to 19. The slopes of these incremental-
pitching-moment curves (which represent the tail contribution to sta-
bility) and the increments of pitching moment at an angle of atback of 0O°
(which represent the tail contribution to trim) are presented against
St/S in figures 20 to 22. The data for the model without the high-1ift

devices on the tall (figs. 20 and 21) show ¢learly that both stebility
and trim were not possible within the range of tail sizes investigated.
The data of figure 22 generally indlcate, however, that in the unstalled
range & horizontal-tail area of about 20 to 25 percent of the wlng aresa
provided stability and trim when the horizontal tall was located in a
position well above the chord plane of the wing and was equlpped with
leading-edge and trailing-edge flaps. The tall arrangement in this case
similates an all-moveble horizontael tall equipped with an elevator.

Effect of tall helight on tall area required.- In order to afford a
direct comparison of the longitudinal stebility of the various configura-
tions tested, the slopes at o = 0° of the pitching-moment curves of fig-
ures 4 to 10 and 12 to 15 are plotted against tall areas in figures 23
to 25. The horizontal-tail areas required for s static margin of 5 per-
cent at angles of incidence for which the horizontal tail was unstalled
were obtained from these figures and plotted against Cu in figure 26.

(In order to keep the horizontal tail unstalled, it was necessary to
increase the angle of incidence as Cu increased.) These data show

that an increase in tall area ls required to maintain a constent value
of stabllity as Cu is increased and that the effect appears to be more

pronounced for the low tail position than for the high teil position.
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This increase in tall area reqguired for stability is attributed to a
decrease in the downwash factor 1 - %5 as C, 1is increased. A
o

detailed discussion of the downwash characteristicse determined in-this
investigation is presented in the following section of this report.

In order to obtein a better indication of the effect of taill helght
on tail-ares requirements, the data of figures 22 and 25 were used to
determine the tail area required to provide both trim and a static mar-
gin of 5 percent. The results are plotted in figure 27 and illustrate
the increase in tail area required for the low tall posltion over that
for the high tail position for a glven value of Cu.

Downwash Characteristles

Downwash angle.- The angle.of downwash € was determined from
plots of the variation of the pitching moment of the tail with 1 at

an angle of attack of O° (presented in figs. 28 and 29) by assuming €
to be equal to the angle of incidence of the tail for zero pitching
moment corrected for the angle of attack for zero 1ift of the isolated
tail determined from figure 11. TFor the high-wing configuration with
leading- and trailing-edge flaps on the tail (fig. 29), the tail
pitching moments were generally positive for all values of Cu, and the

curves were extrapolated to determine the tail incidence for zero
pitching moment. Values of € determined in this menner are plotted
in figure 30. These data show large variations of € with CU’ par-
ticularly for the low teil position. The data show a difference in the
downwash angle for the small and large tails, apparently because of a
nonuniform flow field over the tails. A cross plot of figure 30 to
determine the veriation of e with tail height (presented in fig. 31)
shows the data to be somewhat erratic, but an average line drawn through
the symbols indicates a large overall increase in € when the tail is
moved from the high to the low position, perticularly for a value of

Cyp of 3.80. Also presented in figure 31 are some downwash date from

figure 13(a) of reference 4 which were measured behind an unswept wing
equipped with an internal-flow jet-augmented flap. The data of refer-
ence 4 show similar variations in e with talil height and with changes
in C,.

W

Dowvnwash factor 1 - %ﬁ.— Estimates of the downwash factor 1 - %ﬁ
a.

were determined from the ratio of Cma £ to Cmi for the various con-
) t

figurations tested. Values of Cma & determined from figures 20 to 22,
2
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elong with values of Cmi determined from figures 28 and 29, are pre-
% :

sented in figure 32. These data were obtalned at angles of incidence
for which the horizontal tasil was unstalled; and, as pointed out pree
viously, the angle of incidence had to be increased as CM increased
in order to keep the tall unstalled. The deta of figure 32 show a

decrease in Cma N as Cpy Iincreased, whereas Cmi was assumed to be
) t

constant over the Cu range.

Values of 1 - %& determined from the data of figure 32 are pre-

gented in flgure 33. The data of this figure show considerable scatter
but an average curve drawn through the meassured values indicates s

decrease in 1 = %§ with increasing Cp, the grestest reduction cccurring

for the low tail position. A cross plot of this figure (presented in
fig. 34) shows relatively large values of the downwash factor (0.8 to 0.9)
for Cu = 0 and & slight decrease in the downwash factor with

decreasing tail height. For values of Cp of 2.2 and 3.8, however, the
downwash factor decressed rapidly with decreasing tail height and very

low values of 1 =~ %& were obtained for the low tail position. The low

values of 1 - %i for the low tail position explain the pronounced
increasse in tail area required for stability for this tail position dis-
cussed previously. Also presented in figure 34 are values of 1 - %&
estimated from the data of reference 4 for an unswept-wing conventionsl
model with a full-span internsl-flow jJet-augmented flap. The date of

reference 4 are in fairly good agreement with the datae of the present

investigation at CL = 6 or 7 and show the decresse in 1 - %& with

Increasing Cu noted In the data of the present investigation.

Calculation of Longitudinal-Trim Requirements of Several
Airplane Configurations Equipped With
Jet-Augmented Flaps

From the results of stability and trim tests discussed in preceding
sections of this report, it is apparent that one of the problems requiring
careful consideration in the application of a Jet-augmented flap to an
alrplene is the provision of adequate means for trimming the large nose-
down pitching moment produced by the flap. In order to obtain some
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indication of the relative merits of several means of trimming, calcula-
tions have been made of the trim requirements of several airplane con-
figurations equipped with Jet-augmented flaps.

In these calculations the various methods considered for trim of a
sweptback-wing configuration equipped with a Jet-augmented flap included
a conventional horizontal-tail arrangement, a fixed canard surface, a
free-floating canard surface, a nose jet, end a tail jet. TFor these
calculations, trim 1ift coefficients of 5 and 10 (including the tail 1ift
for trim) were considered. The aerodynamic center of the wing-fuselage
combination was assumed to be 0.30 mean aerodynamic chord forward of the
flap center of pressure, and the center of gravity was positioned to give
a static margin of 0.1 mean serocdynamic chord for the conditions investi-
gated. The tail length (distance from center of gravity to tail surface
or trim jet) was assumed to be 3 wing chords. For the conventionael con-

figuration, the downwash factor l.— %& was assumed to be 0.5, but for

the canard configuration the effect of tail downwash on the wing was
assumed to be negligible (that is, 1 =~ %§ was assumed to be l.O).

The ratio of the lift-curve slope of the tail to that of the wing was
taken as 0.75. The meximum tail 1ift coefficient without jet augmenta-
tion was considered to be 1.k. In cases for which 1ift coefficients
greeter than 1.4 were required for trim, the tail surfaces were assumed
to be equipped with jet-augmented flaps. Experimental data of figure 3(b)
were used in estimating values of Cu required on surfaces equipped

with jet-augmented flaps. The results of these calculations are pre-
sented in figure 35. The equetions used in the calculations are pre-
sented in the appendix.

The data of the upper portion of figure 35 show the variation in
tail 1ift coefficlent required for trim and stebillty plotted against
tall area for several airplane configurations. These data show that,
for low values of St/S, Jet asugmentation is required to achieve the
high values of 1ift coefficient necessary for trim and stability in all
of the arrangements considered. An increase in tail area reduces the
tail 1ift, coefficlent required but Jet augmentation must be used on the
fixed canard surface at trim 1ift coefficients of 5 end 10 for the range
of tail areas investigated. The free-floating canard surface requires
Jet augmentation for tail areas smaller than asbout 40 percent of the
wing aresa at & trim 1ift coefficlent of 5 and must be equipped with Jjet
augmentation for even larger tail areas at a trim 1ift coefficient of 10.
In the case of the conventional tall surface, Jjet augmentation must be
used for values of St/S smeller than about 0.22 and 0.27 for trim 1ift

coefficients of 5 and 10, respectively. The 1ift coefficients required
for trim and stability for the nose-jet and tall-jet arrangements are
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listed rether than plotted in the upper portlon of figure 35 since these
values are based on wing ares and are therefore not directly comparable
with the other data.

One significant point illustrated by these dete is that the 1ift
of the canard surfaces acts upward and therefore sdds to the 1ift of the
wing, whereas the 1ift on the conventional tail acts downward (except
for values of St/S larger than about 0.57) and therefore subtracts from

the 11ft of the wing. The reason for the change in sign of the 1ift load
on the conventional tall is that an increase 1n tall area shifts the
neutral point rearward so that at a value of St/S of about 0.37 the

neutral point falls directly on the flep center of pressure and at higher
values of St/S moves rearward of this point. It 1s this veriation in

neutral point with teil area in the conventional design that permits
moving the center of gravity back closer to the flap center of pressure
to reduce the flep diving moment -and thereby permits a horizontal tail
of reasonable size to be used to trim to a moderately high 1ift coeffi-
cient without resorting to jet sugmentation. In the fixed canard arrange-
ment, the opposite effect occurs; that is, the neutral point moves for-
ward with an increase in tall ares and causes an increase in flap diving
moment since the center of gravity must be moved forwsrd to maintain
stabllity. The free-floating canard surface and the nose and tail Jets
at large deflection angles do not affect the stability of the airplane;
therefore, the trim requirements for these arrangements are somewhere
between those for the conventional tell and the fixed canard
arrangements.

The date. of the lower portion of figure 35 show the veriation of
the total momentum coefficient required for trim and stability plotted
against tall aree. These values of total C“ are the summetion of Cu

of the tail or trim Jjet and Cu of the wing to give trim 1ift coeffi-

clents of 5 and 10. These data show that the fixed canard surface pro-
vides trim and staebility for less totel Cu (and therefore less total

thrust) than any other arrangement considered except at very small
values of St/S where the free-floating cenard surface shows a slight

advantage. The fixed canard arrangement offers this advantage in C

over the other arrangements because, in a canard design, the relatively
large up load on the tail required for trim results in a lower 1lift
coefficient on the wing to achieve a given trim 1lift coefficient of the
airplane. This reduction in the wing lift permits operation in a more
efficient range of the curve of CL ageinst Cj where the ratio of ..

the circulaetion 1ift to the Jjet reaction is higher. A similar effect
" occurs for the free-floating cansrd arrangement but in this case the

wing carries a larger portion of the 1ift load. The free-floating canard

surface appears to offer an advantage over_the conventional teil,



NACA TN hiTy 15

nose-jet, and tail-jet arrsngements but requires a very large area for
trim without Jet augmentation. The nose-jet arrangement provides trim
at lower values of Cu than the conventional tail up to values of St/S

of 0.30 or 0.40. The tail-jet arrangement, however, requires a larger
total Cu for trim at & given 1ift coefficient than any other arrange-

ment considered.
SUMMARY OF RESULTS

A wind-tunnel investigation was made to determine the static longi-
tudinal stabllity and trim characteristics of a sweptback-wing jet-
transport model equipped with an external-flow jet-augmented flap. The
results may be summarized as follows:

1. Stetic longitudinal stebility and trim could be achieved up to
a 1ift coefficient of sbout 6 with a horizontel tail having an area of
about 25 percent of the wing area. In order to achleve this result,
it was necessary to locete the horizontal tall in a position well above
the chord plane of the wing and to incorporate both variable incidence
and an elevator.

2. For the flap-down, power-off condition, the downwash factor was
found to be relatively large (0.8 to 0.9). The value of downwash factor
decreased with increasing momentum coefficient, the greatest reduction
occurring for the low tall position. In order to obtain a given amount
of stabllity, larger tail areas were therefore required for the low tail
position than for the high tail position.

3. Results of calculations comparing the relative merits of variocus
trim devices for use on airplanes equipped with jet-augmented flaps indi-
cated that a fixed canard surface utilizing Jet augmentation would provide
longitudinal trim end stability at a given 1lift coefficient for less
overall jet thrust than s conventional tail, a free-floating canard sur-
face, or a trim-jet arrangement.

Langley Aeronsutical Ieboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., September 16, 1957.
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APPENDTX

DERIVATION OF EXPRESSIONS FOR CALCULATING LONGITUDINAL-TRIM
REQUIREMENTS OF SEVERAL ATRPLANE CONFIGURATIONS

EQUIPPED WITH JET-AUGMENTED FILAPS

The equations in thls appendix were obtained by consldering the

relation between the 1ift produced by & jet-augmented flap on a wing-

fuselage combination and the 1lift produced by various trim devices.
The equations for stability and trim were determined by setting the
moments equal to zero about the neutrasl point and the center of grav

ity,

respectively. The equation for lift was determined by the summation of
the 1ift forces on the wing and tail with a positive sign representing

an upward direction. The configurations examined in this investigat
are illustreted in the following sketches:

Conventional Configuration

G,

X
c.g- IT Flap c.p-
Wing-fuselage a.c. ﬂ

1 R

Stability equation:

Trim equation:

ion

(1)

(2)
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Lift equation:

St
CL,trimn = O, = C1,t B )

By combining equations (l) to (3) to eliminate n, it is possible
to obtain an expression for determining CL t ©°F St/S for any given
>

trim 1iPt coefficlent of a conventional configuration.

Fixed Canard Configuration

c Cp, e

Neutral point
,1 Flep c.p.

. 1 Tail;a.c. e \ %
l4— 1 ﬁJhl"nal EW:Lng-fuselage a.c.

Stebility equation:

O, t FEY " (e 2 ()

Trim equation:
cL’t-;-Z—t=cL’f(§+%+% (5)

Lift equation:
c =C. . +0C 5 (6)
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Free-Floating Canard Configuration

L,t Cr, £

Wing-fuselage a.c.

T ; Tail a.c. c.g. ‘-x.-t Flap c.p.

In the configuration with the free-floating canard surface the
horizontal tail does not contribute to the stability of the configuration
since CL " is zero. The stabllity of this configuration is deter-

@,

mined by the distance of the center of gravity forward of the aserocdynamic
center of the wing-fuselage combination.

Trim equation:

s
1.t X4+ 4
Ope 25 = Cre (B + D) (1)
Lift equation:
Sg
CL,trim = Cr,e * Lt § (8)

Nose-~Jet Configuration

c
L,f
Cl-l 21 ’
T c.g. l‘_x_*f Flep c.p.
[ l I E-W’ing-:f'uselav.ge &.c.
fe 1 i h

For the nose- and tail-Jjet configurations the stabillity is determined
by the distance of the center of gravity forward of the serodynamic cen-
ter of the wing-fuselage combination. In cases for which the nose or
tail jet is tilted other than 90° to provide trim in drag as well as in
pitch, there is a posslbility that these trim devices might have some
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effect on stability. This effect would be small, however, since CSJ- of
the trim jet is relatively small compared with that of the wing.

Trim equation:

L X4h
CIJ-,nJ (—_2- = CL,f ((-: + E) (9)
Lift equation:

Tail-Jet Configuration

CL,z
Wing-fuselage a.c. T
F P
c.g. / 1ap c.p
> o - - -
—-I h e X—q |
~ L i |
Cu,tg
Trim equation:
1 _ x,h
Cl-’-,'b.j -E- - cL,f (5 * E) (ll)
Lift equa.'tioil:
CL,trim = Cp,z = Cu,td (12)
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TAEBLE I.- DIMENSIONAL CHARACTERISTICS OF

Wing:

Area, sq £t . . « . ¢+ . o .
Aspect ratio « o . .
Mean aerodynamic chord, ft

Airfoil section, root . . .
Airfoll section, tip . . «
Flap chord, wing chords . .
Flap span, wing spans
Root chord, ft . . . .
Tip chord, ft . . . . . . .
Spen, ft . . « ¢ . . o o .
Taper ratio . .
Sweep of quarter-chord, deg

Horizontal tail (smell):
Area (totel), eq £t . . . .

Length (distence from 0.402 of

Tow position, wing chords

High position, wing chords
Span, £t . . . . - e .
Root chord, £t . « . . .
T™p chord, £t .. . . .
Mean aerodynamic chord, £t .
Aspect ratio . -~ . . . . . .
Sweep of leading edge, deg .
Taper ratio . . . . . . . .
Airfoil section . .. . . .

Horizontal tail (large):
Total aresa, sq ft

s . .

Tength (distance from O. hOc of

Low position, wing chords

High position, wing chords .

Span, ft . . . . . .
Root chord, £t . . .
Tip chord, ft . . . .
Mean serodynamic chord, ft .
Aspect retio . . . . . . . .
Sweep of leading edge, deg .
Taper ratio . .
Ajrfoil section . . . . .

Vertical tail:
Exposed erea, sq £t . . . .
Exposed span, ft . . . . . .

Root chord at fuselsge intersection, £t

Tip chord, £t . . . . . . .
Sweep of leading edge, deg .
Ajirfoil section . . . . . .

21

THE MODEL
. . . 3.07
. . . 6.60
. 0.732

“NACA 657 -b1k
NACA 657-410
0.25
1.00
1.00
0.367
.. k.50
0.367

30

0.5

2.52
2.75

1.58

0.52

0.15

0.38

L1

38

0.289

NACA 65-009

. 1.06

2.68
2.91
. 2.33
. . 0.62
0.29

0.473

5.12

32

0.47

NACA 65-009

0.4k
0.9
0.750
0.17
- Lo
NACA 65-009
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c
~ 4 -1
RS -
\I \\‘\ - I 2% Lurgem‘
DA ; ‘- (in low posttion)
N #~ ¢ “Small tall
N {n low posttion)
236
22.2
o :
1. 4
o
8.8 §
6.32
_L 30% chord
772 !
' 60°
- “[7% chord
Cross section of horizontal tail showing
LE and TE.flaps used in some fests
5400
-3°
Small tail
242 ~'(mh@hpo&ﬂom
L [ apluindy & N
4
] 200 - 92 1284
25.20 | 1.20
: S
——64?0--&'%‘? " Smalital .
a0 {n low posttion)

(a) High-wing configuration.

Figure 1.~ Swept-wing jet-transport model used in the investigation.
All dimensions are in inches unless otherwise noted.
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(b) Low-wing configuration. Geometric characteristics of model are the
same as those shown in figure 1(a) except as noted.

Figure 1.- Concluded.
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Figure 3.- Longitudinal stability and trim characteristics of the model.
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O Low-wing, configuration

16 O~ High-wing configuration
on
(3]
©
o G—
Q
5 ,1/ _
B T B
g 5
§ 08 0! Q o
e o= \—Theor I:C = ( - CuCosl@+a)
& 8_._— Y|[CLqg CLa’Cp.-o + 573
3 .
=
=3 04
c
=
‘s
o
]
S
(0]

6 k
) (O]
© 8 &
2 o - N— -
- J N
5 — Flap ¢
o
e 4
L=
4
< 5 —d
(=]
§ 2 & ~ o 4.--43'—“' ‘ra.c.of wing-fuselage combination
- : ® @ | © '
g: .
b
(=%
8
w 0
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Cp

(c) Flap center of pressure, chxf’. and aerodynamic center of wing-
fuselage combination.

Figure 3.- Concluded.



28 NACA TN 4177

Cue
Y = e 5 o 060
= === =T O0— 0
c ) /——‘g"' i ./:::V Ommmmmem e .30
D PR St [ - A -—2.20
B et . N —— 295
—1 D -——— 380
-2
4q
o) ” s
Eg L— ~ - é/
Cm __O:__—fE"—“/ a /ill'
i——- —: L1 - A/T_t;/ /[;//
R s e = =
ey
=LY by =T
A | 'R\
6 //E}/ - ) >y '\B Q\
A7 Lk L
[/ .//E; b: [lL
5 A _A T2 &8 A b‘
;X /,‘A/ | Al L B
] A
4 = °%
e e N N }
3 &= N
200 B I N A Y- = . I 4% |©
! /7r o) o] ‘E
23 h
/(-), ’J)ﬁ“‘—() ) 19 P
e ;
o—1t] 8
g 4 o0 4 8 2 4 o0 =< 8
a,deg Cm
(a) 1y =0°.

Figure 4.- Longitudinal stebility and trim characteristics of the low-
wing configuration. Low tail position; & = 55%; Sy/S = 0.17.



NACA TN Li7T

Al
\\
I\

£

g

l—In

oy

—

AT 5~

N

H—r—n

(b) iy = 10°.

Cp
60— 0
o —— 060
O——mm e 1.30
A ——— 220
A — . 295
D —— 380

B
X
=k h
INUAY
\\ [y
&
4 5
EN
N
S
RS
“la
\
4]
18
g
O -4 -8
Cm

Figure L4.- Continued.



30

NACA TN 4177

___——@_’:"f":——’ 8 50 W O—— O
0] g——_—-——v ;—:0 = /// g —————- 060
B e P Q== memean .30
C
- =/‘§ e—
o1 L N ———— 2
l [ : D —_— 380
-2
0
-4 L { =t
M =S Ssessa==
Y
-2
7 L .
T O
6 | L
/[)/ /',Es/__ [ i N;Ex
/’ ”,th- \
5 : - g A——""’-A'—_—_A . LA 1Y J‘
r(/’ A — - / };
4 ~ ;_4/ —5= - :
cL 44 N D SO O e i o z[“
3 o — e ;
&7 //[ __ﬂ\\ - D/D-ié'
0 i
2 bt ' &
y———O———C S50
P
b &= o
Os 4 o0 4 8 B 0 4 B8 12

a, deg Cm

(e) i = 20°,

Figure 4.- Continued.



NACA TN L4177

| l Cp
— e =50 S e g o 0
O mf—G==t ,'ﬁ/g/' o— ——— 0860
T e = e —
D [g/_,_ | g f/ a -—220
- L (N —295
_ n - 380
-2
° |
-4 =] /: ;
T -y S
-8 ____—A}/_’_ e N
—— D]
]
8
7 Lt 3 mr‘m
s =T ] \ { N ‘El‘\
/,/L /,[; Ii
o h’/l.f [y lD
5 A i e
[~ | a——a—]— a4 l
54 — X
cL4 |
1 e T s S X <>”°Q},
-1 1
3 = - 07— 5
N b I D’n’—g‘f\l ¢
) J g o :
T [) i
),
1 ] i
C 9]
0 .
-8 -4 0 4 8 12 0 -4 -8 -2
a, deg Cm

(@) 1 = 30°.

Figure L4.- Concluded.



32 NACA TN 4177

_ L Cp

'} ] =R
e = i - 2 o———o—— 0
REC e =98
— " kT T R e
R == —
-1 ; N ————
o S -—-——380
-2
4 _ % >
- I
T
! | I e P
6 id ’E:// —— \m\
] T % 1R
REAE N LR
/&"‘ AT % il B
4!:;/ ///r k
T
c Pl e - RO adl Y
L e ;
31 P <
1T L b &
//H "\I: El‘ﬁ\
25
D L9J -
I 0.
é{
o) _
8 -4 0 4 8 2 4 0 -4

Figure 5.~ Longltudinal stebility and trim characteristics of the low-
wing configuration. Low tail position; & = 55°; Sg /S = 0.34.



5K NACA TN 4177 33

) ok | L Cp
oI ] — N
i B o i o Qummmmmmmm=e= 130
0 LT o — 220
I A A———-—— 2.95
T B—---—— 380
-2
0
cn -4 S
-8
7 —— 5o
.- T :
6 <7 —— .
L) JL. ’,/L ] t>/ /{ 11 %\;‘li\":i
rL//,) - -] \.:.
T &
A \
i | —F &\
4
cL P L o—T—0—1—0 Q :
il L
3 ///’ J_‘ /[\P___ —E':l\ %i
= ki o
0| L o <8
| L >
i ¢
0;8 -4 0 4 8 12 0 -4 -8
a,deg Cm

(b) 1y = 10°.

Figure 5.- Continued.



3h

\
)
\'

(@)
i
\!

ik
X
)
N

Cb s S =, sl [
- = ,A”
-2
0
=
-8 =
7 T e iy
6 . &/— i 2 -—sL
T ] LT |
7 =
5 el L~ - _A
- S
=T LA
a4 o
o, <~ O I I
L /4?‘/ - "
> /IE/ Y
_/.c
2 =
T

(e) 1y = 20°,

NACA TN 4177

Cpe
o 0
Q— ——— 060
Ormmmmemmeman .30
A -—2.20
A —295
D - e 3.80
D!"=?-'
A
[
19
i
”.?ﬁ
5
[o]
o -4 -8

Figure 5.- Continued.



NACA TN LaTT

== Cu
el s d

g —_— 0
'ﬁ' 2 gr — 060

0 &= -j,'/?/ S O=m=mmmm—m-= 130

; a -—— 220
N -—— 295

b—=—u—— 380

Al

1o

8
JE £
7 — = A
| :
6 B I O el
L /[i( "$// ﬂ*
{; 7 A1
s LT | ] £
L A /T’. %
4 B o g
A/ /<g/ - ) _@ .
A i
37 — Ji_—‘m\\cz T4 i
od =] >+
A A
2 ol 3
__o—1 70 2
/, N
| o— > o
o
-8 4 o] 4 8 2 6 -4 -8 -2
a, deg Cm

(a) iy = 30°.

Figure 5.~ Concluded.



36 NACA TN 4177

I
__5£$==Egéééégé ' by
I 2 S e S —
. ) S e I B i S—
5 N - A -—220
iy i = s
. o -——— 380
-2
4
§;:111t5=
Cm O --h—=7 SR =]
R PR N ==
L | T~
8
T ”’ 3/ L f‘r)_
6 ?T// = 2
’r—/' ] /h/ 1{7&
CPTIPTT . d
/h/ A E
c K - »
L 4 —k T T ) %3
< -
X ] T-9 d}r
= /:J——<~nw\r] F /=N
(1] ) '
2 o ] 35/5
[l ]
- o 9 ©
°s 4 o0 4 8 R ¢ o =
a, deg Cm

(a) iy = 0°.

Figure 6.- Longltudinal stebility and trim characteristics of the low-
wing configuration. High tail position; & = 55°; Sg/S = 0.3k,



NACA TN LaTT

cL

(b) 1y = 10°.

Figure 6.- Continued.

' [
s ey §7, - o
0 g e D - —_
=11 S qso
P e A —-— 2
h— T
- .S N — 295
| D ———— 380
-2
0
-4 e
-8 ——
-12
g
7 =% ;
3/._———\1 B
" .
6 ] = C— : * ]
~ e ™/
1= TS
5 == 3
P i/
o 4 V"
o AL .
AT T LT L
3 H —_ Y - — ,<>’- n
é>’ I~ #/ —B] ™ o E
| o]
2 g )//<J—~\J) §
| £
l —r /C'/
o
O N
-8 -4 0 4 8 2 0 -4 -8 -L2
o, deg Crn

37



NACA TN L1T7

Cr

o—m— O

g——  —— 060

— Oemmmmmmeme= .30
/; ‘A 220
2o N -——- 295
N -———— 380

Py

Fil
i
i
A\

e

—t---ih

,L\_/( b AL-%
’ A : Y.
/A/ . /<5‘ T==be = 5
—F W,
L ‘%
rd /?/ I'l
R l /[]/ r\\ﬂ g 5
—T j‘
\//Cf Y ) 0‘3}\
el

— 200
(e) 1, = 20°.

Figure 6.- Continued.



NACA TN 4177

BNz s
__._—-:g"" o L S N o 0
0 e P St W ' el og— —— 0860
s——":‘;—/&// QOemmm e -— 1.30
B2 —_—
\ [N ———
-l n e o 3.80
-2
0
-4
Cm -8 «/ﬁj"E@
e i . 5 o S 0
D S B g B
2 e
I Y et I
3—‘L.__¢r —1 %
-6
8
1N O
2 . Lty \QD
[ /""[S/ /L/I( Ehﬂ k
,/'T‘ - ;//.
ﬂ{ /lfx A | —& Al A E.Ii
5 ts/ ,A/ k Hn
g} ,<————<>-—>1L QTS ?
CL 4 A7 P T 2} A
= | n 4 o i’
3 P =N
. 5 il
B//u E
2
610 @R
| ' /(g/ i %
0-8 -4 (o} 4 8 2 o] -4 -8 -2 -l6
e, deg Cm

(a) 1y = 30°.

Figure 6.- Concluded.



40 NACA TN 4177

J —
! B s Cu B
co 0 S = : 020
D P g i ju] — U
4] Qumemmmmmee .30
T 2 f— 220
- N ~—— 295
o e —— 380
4
1 1
| _ ;;C,&Y‘ =
O: 1 E__ | _&—d—=7 | AT 't
Cm A4 T T oy
1 S -
-4 - e I - EP/-/ T
g 1 | )
8
N~ J) D‘-D\
! AT : i )
5 L At ,/B——-——q;_\_\!s 3 NS “b_
[//’ (," " \D
5 | = b ‘r\# [1
A A
CL 4 1 o= | Py a\.
J\/’,,('V ‘~~<> g <}>\
— — ¥
&~ . o
3 % 4 A
o |0 e Eﬁ E
|~
2 okl
e —
I /cp//} P L )O%
» !
ol

a,deg Cm

(a) 1y = 0°.

Figure 7.- Longitudinal stability and trim characteristics of the high-
wing configuration. Iow tail position; & = 60°; Sy /s = 0.17.



6K NACA TN L4177 41

2
| —=t c
& i
—e=—f== — A
cp © %_—: = = : o :
— T Omm e e 130
/$/ A -—220
T A————— 295
D——--——— 380
4
0 I Sy =
e i I i W
===
_4 AT ] 8 N Y
T l—'_—__:::"h/—-—z
R=c=
8
7 — D L — B‘ﬁ\\
- ]
- L S
6 _ 1 - P Pk \B
"1 /,ts/ \} 'y
A A1 &\
5 A = // = . [
-
A& Ah‘.
CL 4+ T Y T o
PR3 :
3 =7 —
| _a-T ™~ —]— f o} ESI'.I
TT o]
2 LI / |"-|
[ /< 0 J’E
P s
1 s
ol ] g
0]

(b) 1y = 10°,

Figure T7.- Concluded.



h2 NACA TN 4177

|
EE D= Cp
Cp o= ° o
AT _ T - =} L
e ——
[I)./ - Ay - — 220
-l [N 2.95
D - 380
8
[J—-;r"%
4 | =
o, TRl
REREE_nass
] /—J;/r'/ ]
e
-4
’ [L/\_,/tr‘ — By ?.{\B
6 — / . [\ h:.hl\" \
LT T | lb\
B r/’ ‘k B
5 L~ < - [ — E:A/A
& 4/‘/ ‘ x x
— )
4 LS | _
S e i S o7
PR ‘s
3 = ;
¢ et ! E,.g@ o
5 PN -1l Lli,
/(. o 4
| | 7
o L1

(a) 41, = 0°.

Figure 8.- Longitudinel stebility and trim characteristics of the high-
wing configuration. Low tall position; & = 60°; S;/S = 0.3k,



NACA TW L177

Cpe
o 0
g————— 060
Ommmmmmmm == = 130
S -———220
N ————— 295
b -—-—— 380

v
.-4’[: ——H

=rg

s E"’;.iy--
-8
8
7 =Ly ]
_--[p//
k
: EEwE
A =T
5 fy
"] /A,/A —=&
4 '
4 3 P e
] e A
34 dH :
Y Jo— y—
AT ] \L_
2 o
—O—3—
| o]
| 0
c.
0
-8 -4 0 4 8 12

a,deg

(b)

i = 10°.

Figure 8.- Concluded.



Ll NACA TN L1T77

| T A:E | Cu
RIS = R e —
D %"E::ﬂ —1 - _ R ——— 2%0
- A -
_,$/A— Y --————-2.0
D —
4
L -
RESEsmmes ==
_1 -7y _1-% __-'$
At A — 1" T.
Cm N — 3 B ke - /d‘ _____
-4 L i
T
o]
8
7 — I =1 = R
a1 b ~ sy |
¢ A N
. /’t, i . — R
5 & o R e / \
/,457/ )\
CL 4 B P i Y=~ ;‘~<_?_ g &
= g
i ERE=a e ;
g - ‘g
2 .
— — T8
| v
' - g
o]
O 4 o 4 8 12 4 o0 4 =8
a,deg Cm

(a) i‘b = Oo.

Filgure 9.- Longitudinal staebility and trim characteristics of the high-
wing configuration. High tail position; & = 60°; Sg/s = 0.17.



NACA TN 4177 L5

=7 Ca
S ’;"’7"// = | oO—— O
— it _ Ommmeem e e 130
//ga A ———2.20
- _ (N —295
B 380
4
B -—-D—T
-8
8
s R
T /;/J“/ —t
6 ; // /,—-—!; LY M\B i
" is/
£ 2= é‘ L_
5 ,n/ s ) : l§
h% /A// ) N
c A 1 ;'N
L 4 O
Lo . é%a
1 Y
3 <& - T o
(o L & \\[] g
N :
(‘/’()\\() e
o] O'/U
0

a,deg Cin

() 1y = 10°.

Figure 9.- Concluded.



L6 NACA TN L4177
i o
! ! gé—‘5= Cp .
P Y et 3 i
), Tt S g (o] 0
0O ===t g— —— 060
Cp ‘/——‘5” ¥ o mm e e 1.30
t\’l/ ya9 - —— 2.20
| N ———295
- B ———380
8
.4' — e~ JU —_— —_ _
Cm EE——— ==Cr <3 ;’J/hi-:-\_
| -] <
O — =t Sy ==
P B s | /"’-ﬁ/
T
-4
8 _
7 — e e -BL : "
,Af/) ]
i R e NS !
6 1 &1 -
A NE
5 B _ A// - TA b
c & !
4 T
L 4 4 =X oS y g‘
SN i
7 ]
2 ﬁ:
! = }fﬁ
Y 4
-8 -4 o] 4 8 12 8 4 0] -
a,deg Cm
(a) 1y = 0°.

Figure 10.- Longitudinal stability and trim characteristics of the high-

wing configuration. High tail position;

8 = 60°%; S¢/S = 0.3k,



NACA TN 4177

l - Cp.

T e i o 0
=%z *:Ei/ - o —_— 060
; L1 o .30
F=rt =] & — 220
N -—-——295
D ——380

8
.y N
7 o [
| ]
6 r\/’ B i ~h k,ﬁ
e A Y l
i
T IS
i - 4 ?
5 '-k ,A&
i
a - & |- &o—-] /é?
P >’ F——1—< &A%
X FS
36 T o3
i ——u Fﬂq:
P 5]
27— g
j J/o/‘_‘zl" 5
I P /j O ma
T/
0
-8 -4 0 4 8 2 4 (0] -4 -8

a,deg Cm

(b) 14 = 10°.

Figure 10.- Concluded.



48 NACA TN 4177

O ———— Basictail
~—— L.E.flapontails

O —————— T.E.flapon tails

T+
T

A -——— L.E.and T.E. flaps on tails
16
~ £
/I
14 T Y X
/ A ) % \A
\ A
/ ' / .
1.2 2 - T
./ //EB’El [i Ai‘ / A < \A‘
o .’/j,<>_\ . L P\El-l;t’é\ ._ﬁ/ <\\ \A\A
’/1 /\\\ j // / \&\%\ x\)
/ / /[l] <>\o\ / ' \&mliﬂ_[;_

(@]
r
o2} (o]
Iv} FaN
S~
S~
I:
’
;.%*/ >
ag d
~ ~1
)

o] 10 20 30 40 0 10 20 30 40
a,deg a,deg
St/S=0.I7. St/S=0.34.

Figure 11.~ Aerodynamic characteristics of the horizontal-tail surfaces
used on the model.



K

NACA TN LiTT

| ,%A'ﬁ:—': Cu
Y i - -_ 0
" &= o 060
CD 0 % -
i O |30
& /xr‘/ a 220
- N ——
-l ¢ D -—-—-———380
8
# B e =
Cfn O ::_A“"— //.x/,/g/’/['
—T *’T;]‘ ,/I:/ i
RESan
8
._—l)//h :\D
T ot \D\
o] 2
& —E— 1 4
6 o = v t i Q\E
T L~ \ >
5 L~ i ./’A—_—_A\\ A A’%\Q l%\m
B P
o N
//’ O 2 \A |
CL 4 175 ~o- L 3 T
:
3 <> /LJ O
0] \\H; ;n}l
== = ik
1
2
)/./:)—_-b LV
|«
|
G
0
-8 -4 0 4 8 i2 8 4 0 -4

-Figure 12.- Longitudinal stability and trim characteristics of the high-
Low teil position; leading- and tralling-edge

wing configuration.

(a)

1, = 10°.

flaps on the horizontal tail; & = 60°; S /8 = O.17.



NACA TN 4177

l -
| Cue
= /':/ o 0
DO T e—
i»j,-— = a —— 220
r N ———— 295
B— 380

° 1]
7 - T 1T rD\(:
-
5 - // = =~ b §R
I A
5'//,» /\/// a4 20
%/
cL 4‘,//’ s B S ]

S

O

<
\
\

<

3 . pe
o Fo s
231/ &
D= B B - )’fm
| ] £
d
0
8 4 0 4 8 12 4 o0 &

a, deg : ' Cm

(b) 1y = 20°.

Figure 12.- Continued.



NACA TN 4177

| =5 Cu

' el e e O ot o

Cp ()X,,/ii/,;:ﬁj’ - — z§§
LB 565

D —— 380

0]
IJJ '—_IL A =F= /‘--%
v Yot iy s —_—_— /"‘ "] -
Cm -4 F =T k—=r=s
-8
8
- 2
- | i
AT b
L~ B—t— - _&%__\_
- |-l
6 [ —1 P Ej
—1 q
—F T = =2 IR
51 o el A >
_ A7 aé,\
L~ [l
A -] 2 A
CL 4 <_>,— > P 194 _g %
/’ ,
& [
3 -y A
L 0 ~ El{
o] Ju
2
GOy Wo%ol
l ¢
0]
-8 -4 O 4 8 12 0] -4 -8
a,deg Cm

(e) 1y = 30°.

Figure 12.- Concluded.



52 NACA TN 4177

|
= Cu
= R a 060
Cp OT=t= o=t a————0
—— DU 1.30
} o= A —— 220
IY” N ——— 295
- D -——— 380
I2
EEEER S
RERan =l Eh
Cn -l A AT
4 =t //
f N /[! ‘ﬂ.)__——()‘\o
N
8
& .
7 —i SR
T N
e T e -t L Qn
6 "] K . }i‘ Y
b _ A \
5 1t 1 17 14 T W ™
> - Iy
L 4= B I A e S 80 a ]
& © i
3 = :
g T —] [~
(o Rl — 5
2 =
¥ 2233
I T I T Ty f/ﬂ
/(),
‘/‘
K 1

8 4 0 4 8 2 2. 8 4 O
a,deg Cm

(a) 1y = 10°.
Figure 15.- Longitudinal stebility and trim characteristics of the high-

wing configuration. Low tail position; leading- and trailing-edge
flaps on the horizontal tail; & = 60°; Sy /S = 0.3k4.



NACA TN 4177

l

\
T\

Cp OI_

=i

8

4

-4

iy ——l

M

——

(b)

iy = 20°.

Y

Ce
o 0
o — 060
C——— = 130
a — 220
N -— 295
B -—— 380
D\.
B g
9
2
Vol I D=
ya-
o
-4
o/.

Figure 13.- Continued.

23



NACA TN 4177

l
et C}L
= e o] 0
Cp o@—‘ g o— ——— 060
X;”'://’”’ Om mmmmmm e e 52%
Pt A —_— .
= 5%
- D -——-—2380
o ; | ! - /t.’__g
em- T LT
-8
8
- h S
ve ] 1Y
S B
P A & ! ]
AT AT
A P
6 N" //
B
t;// A1 T T £
5 P,
£ /(>,—-—-—< ~~1_ ?
CL 4 & T ?
3 [ — T~ N
et ['J \\T _ﬁ
2
O A - — @,
|<=~”’4Y” \g
0
-8 -4 0 4 8 2 O .4 -8

a,deg Cm

(e) iy = 30°.

Figure 13.~ Concluded.



NACA TN L4177 55

I _’é Cu
===
] a —_— e
R = | Ommmmmmmemmem 130
Cp 012:. o )4 -—2.22
= N —-——29
T B 380
R _
8
P L
4 3 —-U-—'-—E&: A ]
PSR ==
Cm - )y
o e E -
. Y e, v e [
T/
-4
8
U - iy
AT i o
7
L~ - N ?5
/h" ‘—/!L
SET T T R
A _ { L
5 el s A N e O Y '
W
~ A
=t D>~ IO,
L4 “/”) P~~~ <§l
/" "‘
3 —
__7“//”/__[ ~ fﬁ
(sl Eﬂ
2
I ,\//‘ = <> )}
.
qs -4 o] 4 8 2 8 -4 o 4
a,deg Cm
(a) 1, =0°.

Figure 1lh4.- Longitudinal stability and trim characteristics of the high-
wing configuration. High tail position; leading~ and trailing-edge
flaps on the horizontel tail. 8 = 60°; S./8 = 0.17.



56 NACA TN 4177

] = &
‘ = o 080
oo - Sl = A g———— 0
‘o O;L«»/J;//f' g Qummmm s 1.30
g = A -— 220
—1 " S --—295
- D ---——380
~—~—1" :—_ [‘\h_._
- ?" 1" ;——-- \
8
PP e Y
7 A/J)" = ?
- r’ /.-__ ;
6 // K
?, k’/, ! »
1 /A-———m\]_\ 4 T
5 Ll
L—// ’ f
jd | . \f
CL 4 d{/ m =T = T ~~o 5
P =
3 T" g I P Ny | ..
2 31 14
o ?5
/>/ / )
| ] rf
;{8 -4 ) 4 8 12 4 o) .4

Cm
(b) iy =5°

Figure 1k4.- Continued.



NACA TN 4177

Cp

CL

€ _fL
0 e
i:'j;’/’
A
4 g-’
4
o%_"'_" = —
B - I O I
ST
8
- s T
7 Pd
/
I i ,/t{’j “P—] N
6 B~ - - =
5{'/
. B s ~—y
S —1°
| |
p A - EL, f’ég\_
/7 ~
&7 T
397 ;
LJ\
//15/ ~d
! —4 —T1
G
2
| L7
1 |
0 :
-8 -4 0 4 8 2
a ,deg
(e) iy = 10°,

Cu

o 0
o — Q60
Ommmmmmmmemeem 130
A -—— 220
[N — 2595
D -—-—380
}
P
NP
Ak
B
7
&
&
i
.
f' [
4 0 -4

Figure 14.- Continued.

o1



- ——— - —— -

\\%
_ \.

o noo
(@]

3

NACA TN L177

R=al ——
B—— e 380
4
O e v ——__r'r__-—_ e
Cm ‘p\ & _—Tk‘“?- ,_—‘ ':-:-
-4 ;; :. Neme=t— ]
-8
8
S —_——E 8%
J/ k
7 1 /Tr K L\ ] 3
—r T = &5 T
ST I
5 Ll ,A/'/ir —\A\‘\*, j‘i‘i
+ : l
4~ ] . 4
CL 4 1 ] D o i i S5 S ﬂ
5] "¢ %
L ~ )
= o 7&
//
2 = -
5
| )//< Y
)—’
O ' .
-8 -4 0 4 8 2 4 o} -4 -8

(@) 1 =15°

Figure 1k.- Continued.



NACA TN 4177

' |
_ ==
CD 0 S—f=—f—=t=
PO o
R
i
S - S
R ‘I LT
Cm -4 F—D
J -“I ] — A— [nY
-8
8 T L1
7 I Sul
/},’ e
"'/t[l/ <"
6 - /V—"
] T ’/,/A T —l
[—
~
‘P/-k/T J\’ o ”?—- ‘\#*\
CL 4 — == =
3 P T ~
0
2
5| X
-
[ =
0
-8 -4 0 4 8 12,
a,deg
(e)

iy = 20°,

Figure 1k.- Concluded.

o .
g——— 060
R 130
¢ T %0
N ——— 28y
f— 380
&
¥ 4
N
_Ar
A
<'-“;b
7
&
5
*0 -4 -8
Cm



60 NACA TN L4177

[
?ﬁ.
Rﬁ%;
I
Q
[
of

Cp OA;. __h/'ﬂ _':’ |:|-=—-——?.§8
= P .
| n—i"" A-*'-————%s(s)
- N - ——
N -———380

—_—— 3
7 - r—‘-
Cm 8 =~ ’/Ir-—x&\ - ’/T
& — -‘I‘/t ’jl’
4 N T - Y
o]
8
7 ) A —r NP,
1}; I-\
, N
_ | e EN B
6 s —
EaanE N
1 N
5 = PN e 8 k&
r - S A i
1 NG
C 4 4 .
L 4= J—o--_4 | N
J>,’ —-Y 03
3 & | ©
—
2 /’J a?\ ), ]
& ! b
- o T®
| ] =
| o
-1
-8 -4 0 4 8 2 16 12 8 4 0
a:deg Cm

Figure 15.- Longitudinal stebility and trim characteristics of the high-
wing configuration. High tall position; leading~ and treiling-edge
flaps on the horizontal tail; & = 60°%; S¢/S = 0.3k.



NACA TN 4177
| |
C 0 —f — >"”f§/‘j_/’!- i o 060
—. F—F a— -
0 ST  — 756
= A —220
-1 N 295
D -—-—2380
16
12 &> :
~\$“\\.‘<
o3 - ~ 1 -9
< — 1 =
Cm 8 | D S T
=S
4 T~
O
8
7 —~ = %R
6 E =~
EP/"’ /];/'/
SLf |
e
— .
CL 4 = &o- ;
I -~ K
- - o
3 =<7
//L']-.—\ To
24“ |~ T o
7 P
| Wosd
] o]
(0] ——
-8 -4 o] 4 8 12 16 12 8
a,deg Cm
(b) iy = 5°.

Flgure 15.- Continued.

61



62 NACA TN k177

' L= o
! == ° ’
TR | a f— 060
= Ommmmmmmmemems 1.30
a — - ——2.20
N --—2.95
& -——380
12
~
g 2
P *:ES . .
M n SiEs e ==,
m ~a—1_ "8
o F‘TL\{\
-4
8
L= : i
T — —_&— P/ﬁ
h/(’ ] ) ./ _ D - b a
6 -7 1 -7 %
~ 5 By
[r . ls/ ,A-— —_t e A ! ~&n
5 B - == 77
[ A
A7 A
- ] ’
CL 4 = ,’\?‘ﬁ~~<>~ O O
z( //»,— T-0 d e
/’<>’ /9
3 -
L "] \L\[J\_[ N U/D\%
L/
2 I'L//'J/ J 1/D
| ,//o/ﬂ '/}7
> ¥od
I =
0 —

(e) 1y = 10°.

Figure 15.- Continued.



NACA TN 177

Cu

== == #E f E o 080
= o — ju] — e ),
cp O . ] T S—— . {6
] A -—220
N --———2595
- N ——380
8
4 Sy ]
~ s g
Crn \\ '\\ P
o N Tt
=)
8
- _Mff’is > ;
r/ ]
I e ¢
6 B9 ol I = -
ISP /
r /[> Bl - S
5 . A 2 4 e
& /,A/ Bu/é
o o2 . L2,
L 4 =5 1 LA e
d ’>,
34=1" . : S G
///,u ~\\\n ‘m/ﬂ
2= . af
_;Jr—"‘4}_“‘%> Jor
0
| /J// a
o] dl
0 .
8 -4 o) 4 8 2 8 4 o -4
a,deg Cm
(d) iy =15°.

Figure 15.- Continued.



6k NACA TN 4177

2 Ce
- o— 0
, = S —
Cp 2 T Qmrmm e e = 1,30
P ,,/,?/_/ 3 A -——220
0 ===t - S——— - 295
‘P//"*; gt D -———380
v -G
- nY )
4 _
0 s
=% E R_
Cm \ st t‘ g -
-4 = >
-8
8.
— k B
—1
7 g ‘?*
- | T - /&
6 =
/’L,L ST H—1— 4
" — - i
5 — - Ia
7
= ] —. <
— 41 T
CL 4] == = 1%
e >4
&1 0— ol I
3 o
[5// 3 0 L H Lb
2: - 5;7
¢ {19
' £
p/ N
0
-8 -4 0 4 8 2 4 0 -4 -8
a,deg . Cm

(e) it = 200.

Figure 15.- Concluded.



K NACA TN 4177 65

8 S
Cmt @ boplazsd 1] [ T
A = T —
— %Z-—-:.\ N7 |~ ™
14=0° T 14=0° ——
0 4 J
8
e e e e, o [ N Y N
4 L \\~ ~ —— = -
E=rsr s Dol s S gy S~ T~ ~]
Cm'f gt -1 a— ] \_\ <~
~ —L \‘-\\ I~ ~
© R - < —
14+10° 1410 — =
4 P
- 4
[~
i“'.\’\s L \’\~‘:\\\“‘\
; . i g o O By e
Cm,t 3 ~ ==
14=20° — =1~
-4 t - N
——
14=20°
-8 [l
0
Crn,t | i B e O i
m a y S = —
s 14=30° = T T e S .
14=30° ﬁ%
-8 |
-8 -4 o 4 8 12 -8 -4 0 4 8 12
a,deg a,deg
Si/S=017 St/5=034

(a) Low teil position.

Figure 16.- Pitching-moment increments produced by wvarious
- horizontal-tall configurations (data from figs. 3 to 6).
ILow-wing configuration.



66

Cu

NACA TOW 4177

—
_h ®
<<
g B
(@) d.. o
(=] It
«a
e | o
= g
v
4
1
1/
il H
. £

=R

=
0

a,deg

3888
OQL&aa
“ Wil
NiEsay
_“_h_ \\\\ \\
/ .\” .\ / |
[/ /
\ \\\ /
\\\ /7
AN
\u\\‘,\\\ \ W.
%
LivAVAY
\\\.\\
1N
NIV
airvavi
I L
Y
N/
/ ©
\ i
o @ < o <+

Figure 16.~ Concluded.



NACA T 4177

o
—— 060
_____ — £30
_— 220
t2 2.95
3.80
. ni _ b oD
Cmy T I
4 e — B
— — ] ™~
——_
(FP"“. | | [
8
4 ~ 1
o T B S
Cm,)‘ o_h_\\\ P~
| =0 40| I
o] L
Low tad posihion.
Cn."t . e = \\ ~ \-
| 4=0° e \:\_ | 4-0° I~ N~
0 — =
4
o
_——
. :\F\\:\\\‘::\\
S S e S e e e N N i S
R I s s = = I NV S W
11+0° I e | 0" I [~ _
) s -
g \\\
-8
4 4 o0 4 8 B 8 4 0 4 8 P
a, deg a,deg
-OI7 St/S=0.34

FPigure 17.- Pltching-moment lncrements produced by various
horizontel-tail configurations (data from figs. T to 10).

High-wing configuration.



68 NACA TN 4177

- ocl"'
— 080
------- 1.30
20 — 220
2.95
| ——— 380 " B
7 I T L =3
12 . et
™~
Cmy . ] ‘—L—~‘\
o —— N
e § . i
4= T
B Tno*'- - | 4=iO® —~
ot 1 | |
16
Lﬂ é:—— ey S | _ L ] — 1
s————1— S —
Cmy = S T y
a—F D T ~ ——
—— m—
| 14=20° - 4=20° \\
% | -
-4
12
8 =TT T =
.—:':‘\‘ - 41 T -
4 &N:-\.‘_ R A P - L '\.__,_. L
Cﬂ'l,t \:_ 1 . et U e Lol
C\‘\,\ T \'\\\ ]
n R T ! S
-t |f=3Q° \\\
|| |
8 -4 0O 4 8 12 8 -4 5] 4 8 2
a’deg almg
St/5=0I7 St/5=034

- Hiah-wing configuration

Figure 18.- Pitching-moment increments produced by verious horizontal-
teil configurations (data from figs. 12 and 13). Leading- and
trailing-edge flaps on horizontal tail; low tall position.



NACA TN L4177 69

éﬁ
—— Q.60
20 1.30
2.20
2.95 i W Ca S e T
16 3.80 = ;é'_:>< .
12 ANy
Crn, h B~
t [
o o e e 0 i e
——r— [l [~
a L ™~
1t=0°, [T #=0°
20
16 ~N. —:§"\\'-__
2 — ~ \\~\ r—
Cmy ™ NS
e —— ST
S o T ANEEE
a \\\ ~J1" 4. ~ \
§=5° T~ T #=5° I e
0 L | |
2/
6 P~ i~ -~
\\ -\:\; L ‘\\
12} ‘ SN
N ~d e
Cnt 8 ] = = ~J =S
e -~ \_ét N L
4 - ~ ] \\\ \\
o \,\1 ~
14=10° | yei0? T
AN L]
-8 4 o 4 8 12 8 -4 (o} 4 8 2
a,deg a,deg
St/S=017 Sy/5:=0.34

High-wing configuration

Figure 19.- Pitching-moment increments produced by various horlzontal-
tail configurations (data from figs. 14 and 15). Leading- and
tralling-edge flaps on horizontal tail; high tail position.



70 NACA TN L177

Cue
080
S R ) R R R .30
—_—— 5.20 -
—_— 2.85 -
12 —-— 3.80 ol
~~ :\ \:\\\
< ~3 L ~l.
8 \ \\ ™~ \_\ —— N\.
‘ — - — \\1 \\\\ \\\ o~ \——:
E m—— ] T \\ \\\.‘\ ~y
USSR S B e R 2 S s ~No L TSN T~
. ~— I~ ~ <3l
’\\\ B N\'.- \\\\\\‘\\ \\ ™~ W
—— =
\\ - \\ ~J.
o - e - ~
- |1.=15 —— lf-l5 \\
™~
-4 ]
-8
12
N\\
8 ~ g \Q\\
N ~ ~Jd
: < <3 =]
A====S1 - SN s N e N
Cmit :__;T‘~ - '\—;:§§ L I~ \\ ~~1 \\\ ™
» —1 N~ - T ™~ ~ =~ - —
o L] \R—L L\\ \\\ ~ 4
| y=20° [ : I4=20° < ~
]
4 -
: SN
-8 -
-8 -4 ¢] 4 8 12 -8 -4 0 4 8 2
a,deg a,deg
St/s=0.17 ' St/S-0.34

High -wing configuration

Figure 19.- Concluded.



NACA TN 4177 71

Cu 12
o E,
g——o.so B“_"""‘—"I;C"‘ 38
O————— 1.30 required
a——220 Cmi Z for rim
o2 A——— 295 Al —e0r
n——— 380 -1 = é-cffo
Dy
e
0 —~ P
\ 7 -:"—_Fi' —
Cmar -02 3
o t+ required for
sfabilr
-04i—H#=0°. : ™ N vy L2
. Lt AL i L C,38
06 | 8 ke
Sy e
o2 Cmt A ——— '.E__:_(.qr_.i_cﬁ.:o'
e e s s
_/’E e o
o R L . o=t
Crmg t = AN ) —110°
P N LN S o ) I al 1 I
- T \\\ R
| 4=l0° %_ Cingy requied for
oal L | " Hatral stobilty 8
Crn,t required
a ] for tnm -
’ = + —|— 1 - ——— .{_CF_IO
0 o —:"-E::‘ a
o Cmyt =]
B B Q.ﬁ:— ~F-] _H
4 e - —— I <L~
Cmgt -02 . A y=20°. o
| 4=20° C required for
04 reutral stability . 8L
02
0 s o
Cn‘]af . [~ b \]\\\“ L___:_
'y {~ =T ::\ 'n
-R———r—ra= __‘i—_ Cmt -4 R a—
| 4=30° Cmq,t required for | 1$=30°
oal 1 1 rieutrol stability s ] ]
o 1 2 3 4 o 1 2 3 4
St/S S/S

(a) Low tail position.

Figure 20.- Variation of longitudinal stebility and trim parameters
with horizontal-tail area (data from figs. 3 to 6). Low-wing
configuration; a = 0°,
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Figure 21.- Variation of longitudinal stability and trim parameters
with horizontal-taeil asrea (data from figs. 7 to 10). High-wing
configuration; a = 0°.
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Figure 22.- Continued.
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